Background Although morbid obesity is considered a modifiable risk factor for periprosthetic joint infection (PJI), there is no consensus regarding an appropriate threshold for body mass index (BMI) above which a high risk for infection may outweigh the benefits of surgery.
Abstract
Background Although morbid obesity is considered a modifiable risk factor for periprosthetic joint infection (PJI), there is no consensus regarding an appropriate threshold for body mass index (BMI) above which a high risk for infection may outweigh the benefits of surgery.
Questions/purposes (1) Is there a BMI cutoff threshold that is associated with increased risk for PJI? (2) Is the risk of PJI increased in higher obesity classes? Methods A retrospective study was conducted of all primary THAs and TKAs performed at one institution between 2006 and 2015. Overall 19,226 patients were eligible to be included in the study; 1053 patients were excluded as a result of incomplete data, resulting in a final cohort of 18,173 patients (8757 TKAs and 9416 THAs). PJI was defined using the International Consensus Meeting criteria. To ensure accurate followup, and because there is evidence to support the association between obesity and early infection, we identified PJI within 90 days of the index surgery. This relationship was examined separately for BMI as a continuous variable and for each BMI category as defined by the Centers for Disease Control and Prevention (underweight # . Analyses were performed with logistic regression, accounting for both patient and surgical risk factors. A BMI threshold was evaluated with a receiver operating characteristic (ROC) curve and the Youden index. [5, 13, 28, 29] . The impact of obesity is striking, particularly when considering that up to 64% of patients undergoing TJA are obese [10] . Obesity has been shown to play a negative role throughout the natural history of osteoarthritis, from the development and progression of disease to the occurrence of complications after surgery [5, 8, 13, 28, 29] . Among those, infection is especially severe and is associated both with morbidity and death [3, 12, 26, 32] . The relationship between obesity and postoperative infection is well documented with a projected increase in periprosthetic joint infection (PJI) thought to be secondary to a similar rise in the prevalence of obesity [23] . Although there is a strong consensus that morbid obesity is a risk factor for PJI, less agreement exists in regard to an optimal threshold for body mass index (BMI) above which a high risk for infection might outweigh the benefits of surgery [1] .
Therefore, we asked: (1) Is there a BMI cutoff threshold that is associated with an increased risk for PJI? (2) Is the risk of PJI increased in higher obesity classes?
Patients and Methods
A retrospective study was conducted of all primary THAs and TKAs performed by one of four certified arthroplasty attendings (RHR, JJP, MSA, WJH) at our institution from 2006 to 2015. This study was conducted with approval from our institutional review board.
From our institutional TJA databases, we identified 19,226 TJAs performed on 21,498 joints (10,653 THAs and 10,845 TKAs). For the 2272 bilateral cases, one joint was excluded. Patients without a recorded BMI value (n = 701) or with other missing data (n = 352) were excluded. Patient demographics and comorbidities as well as operative details were extracted. The records of all patients resulting in hospital readmission or reoperation (revision arthroplasty, resection and spacer insertion, or irrigation and drainage) within 90 days of the index surgery were reviewed to identify patients who met the International Consensus Meeting criteria [24] for PJI. This relatively short time to followup was chosen to (1) ensure an accurate followup because the vast majority of patients would return to the facility in which they received the index procedure during the early postoperative period; and (2) because there are scientific grounds to associate obesity mainly with early PJI.
In total, 18,173 primary TJAs (8757 knees and 9416 hips) were included in the final analysis. Patients' average ages were 64 6 11 years, 45% were men, and their average BMI was 30 6 5 kg/m 2 ( Table 1) . A total of 100 patients (0.6%) were diagnosed with PJI.
THA was performed using either a direct lateral (modified Hardinge) or direct anterior (modified Smith-Petersen) approach from a supine position with cementless acetabular and femoral components. TKA was performed using a medial parapatellar approach with fully cemented components. All patients followed a standardized surgical site sterilization procedure before surgery and received systemic antibiotic prophylaxis with cefazolin (or vancomycin if allergic) before incision. Because the procedures were performed over a 10-year period, we assessed the association between the year of surgery and PJI as a possible confounder and it was not significant (p = 0.502). Nevertheless, several stepwise practice changes occurred over the course of the study, which were documented and accounted for. Although patients had initially received warfarin as the predominant method for chemoprophylaxis of venous thromboembolism, aspirin became the more frequently used agent. Skin closure, which was initially achieved with the use of skin staples, was transitioned to a method utilizing subcuticular sutures and liquid adhesive. Application of an occlusive dressing (Aquacel Ag Hydrofiber™; ConvaTec, Inc, Greensboro, NC, USA) for a full 7 days postoperatively became standard compared with the initial practice of placing sterile petrolatum-impregnated gauze (Xeroform™; Covidien Holding, Inc, Mansfield, MA, USA) and an elastic compression bandage over the wound for 2 days until initial reepithelialization. Finally, irrigation with bacitracin and polymyxin remained the standard until two surgeons (RHR, MSA) (of the four) began to adopt the practice of betadine lavage.
Statistical Analysis
To answer the first question regarding a possible threshold, we excluded underweight patients (n = 96 [0.5%]) because Volume 476, Number 10 this has been suggested as an independent risk factor for PJI and may have confounded a possible threshold [20] . The optimal BMI cut point was evaluated using the Youden index; a receiver operator characteristic (ROC) curve analysis was performed and the area under the curve (AUC) was calculated. A test with no better accuracy than chance has an AUC of 0.5, whereas a test with perfect accuracy has an AUC of 1 [6] .
To answer the second research question, the association between BMI and PJI was evaluated in a univariate analysis followed by multivariate logistic regression. This relationship was examined both considering BMI as a continuous variable and stratifying based on BMI categories (using the Centers for Disease Control and Prevention [CDC] definition) [2] , including underweight patients. The following independent variables were included in the univariate analysis: age, gender, Charlson Comorbidity Index, American Society of Anesthesiologists score, length of hospital stay, operative duration, method of anesthesia (general or spinal), joint (knee/ hip), laterality (unilateral or bilateral), year of surgery, individual surgeon, antibiotic-eluting cement or topical intrawound antibiotics, the use of betadine irrigation, and application of an occlusive dressing. Categorical variables were analyzed with a chi-square test and continuous variables with a Student's t-test. Variables that demonstrated an association with postoperative infection (defined as p < 0.2) in univariate analysis were included in the logistic regression model. Statistical significance was defined as p < 0.05.
Results
The Youden index pointed out a BMI threshold of 33 kg/ m 2 as a possible cutoff for increased risk for PJI; however, an AUC of only 0.58 (confidence interval [CI], 0.52-0.63) suggests this threshold does not perform much better than random chance (Fig. 1) . Although no cutoff was found to be of practical value, after accounting for potential confounding variables such as gender, Charlson Comorbidity Index, length of stay, operative duration, and type of anesthesia, increasing BMI was independently associated with risk for the occurrence of PJI within 90 days ( Table 2) . Risk of infection increased with higher BMI levels (Fig. 2) ; for each 2-point increase in BMI, there was a 10% increase in risk for PJI. When analyzing obesity as a categorical variable ( 23-13.9 ]; p = 0.574); however, this was based on a single infection event in a small patient cohort (n = 96).
Discussion
As a result of the devastating effects of PJI, it seems to be a logical approach to target modifiable risk factors that may help to mitigate risk after TJA. Obesity is one such risk factor that receives much attention because of its increasing prevalence in the United States [9] and the reported association with postoperative infection [7, 23, 28] . Although there is evidence that patients with obesity are at increased risk for PJI, the discussion among surgeons as to a threshold BMI cutoff above which there is a substantial increase in risk for infection continues [24] and the answer remains unknown. Therefore, we sought to determine whether such a BMI threshold exists.
The main limitation of the present study was the short followup of 90 days, resulting in relatively low PJI rates and consequently lower statistical power. A longer followup would increase PJI rates and statistical power with it and may have led to different results. However, it would also cause more patients to be lost to followup. Moreover, the association between obesity and PJI is mainly attributed to decreased perfusion to the surgical site [17] , increased risk for wound complications [27] , more profound tissue damage, longer operative time, and increased bleeding, providing a physiological basis to believe that obesity is linked to acute PJI, which has been shown previously [7] . Another limitation of this study was missing data for 1061 (5.5%) patients; however, this was held to a minimum as a result of very rigorous surveillance during the first month after surgery and is not believed to have biased the results because missing data points were random. Furthermore, we could not assess for certain factors associated with high BMI such as glycemic control, because we did not have information on hemoglobin A1c or glucose levels in the pre-and perioperative periods, which may have influenced results. Moreover, although we controlled for many potential confounders, certain factors such as use of immunomodulators may have gone unrecognized in our analysis. Finally, although an association between increased BMI and infection was demonstrated, the study did not examine whether reduction in BMI could actually decrease the risk of infection; this topic is controversial because several studies failed to show an association between weight reduction and lower infection rates [21, 25] .
We found that the risk of infection within 90 days was reduced by 10% for each 2-unit reduction in BMI. However, there was no clear BMI threshold associated with a substantially increased risk that is better than a chance effect. Beyond that, specific BMI thresholds may actually Volume 476, Number 10be disadvantageous for other reasons. For example, patients who fall just below the threshold BMI limit may have little incentive to attempt weight reduction before surgery and, in fact, may feel a sense of false security that they have "met the weight requirements." In addition to deincentivizing patients just below the BMI threshold, such a cutoff may also lead to unnecessary delays in surgery for patients too far above a threshold, for whom the magnitude of BMI reduction does not seem to be practical. However, these patients may benefit just as much from moderate weight loss and subsequent TJA, even if they remain above the BMI limit. On the other hand, a threshold may be an effective control for reducing population risk for an individual surgeon or institution. From an institutional standpoint, the advent of new bundled payment incentives may make a BMI threshold appear to be even more attractive. Previous studies have examined the association between obesity and infection after TJA [4, 7, 14, 22] . Most of these studies compared patients above and below a BMI of 30 kg/m 2 and limited their analysis to this dichotomous group. A recent meta-analysis examining the influence of obesity on complications after TKA concluded that patients with a BMI $ 30 kg/m 2 are at increased risk for infection [18] . Notably, much of the available evidence on the topic is based on studies executed using large administrative databases, which have been shown to be grossly inaccurate in regard to BMI evaluation [11] and detection of PJI [15, 16, 30, 31] . Although the importance of these studies in ascertaining the importance of BMI as a modifiable risk factor is acknowledged, there is lack of a distinct threshold to be used in the preoperative period. Lübbeke et al. [19] examined the BMI and weight thresholds for increased risk for PJI after TJA and concluded that BMI $ 35 kg/m 2 should serve as a cutoff for increased risk for PJI. Notably, they used BMI as a categorical value making a distinct cutoff impossible. Our study is in accordance with a recent study, which showed a 9% increased risk for PJI for each BMI unit > 25 kg/m 2 (hazard ratio, 1.09; p < 0.001). The risk became progressively more pronounced for higher BMI values [28] . We found that the group of patients with a BMI > 40 kg/m 2 is at a higher risk for infection within 90 days compared with patients with normal weight. In many ways, this finding is inevitable given that we used the CDC classification for BMI, which defines class III obesity as all patients with a BMI > 40 kg/ m 2 . In comparison, all other BMI classes have an upper limit, imposing a ceiling effect. Nevertheless, it highlights the increased risk in patients with extreme BMI and calls for special attention in this group.
In the present study we confirmed an independent association between BMI levels and subsequent PJI. The risk for infection increases with higher BMI levels rather than surging at a certain threshold. These results should encourage surgeons to advocate all patients with obesity to reduce weight before surgery. That being said, as a group, a threefold increased risk was noticed in the patients with a BMI value > 40 kg/m 2 and this increased risk must be carefully weighed against the benefits of surgery. Further studies should prospectively examine the influence if BMI reduction reduces the risk for infection. ; BMI = body mass index; OR = odds ratio; CI = confidence interval.
